Abstract. Nowadays porous ceramics are widely researched, becoming an increasingly marketable material in the world, mainly due to the wide possibilities of usage in different technical and technology industries. Porous ceramics are successfully used in the filtration and has a high potential of usage also in the production of heat insulation materials thus obtaining the material which combine high resistance that can compete with other heat insulation and constructive materials.
I INTRODUCTION
Clay science has emerged after a few millennia of clay use and a century-long accumulation of written information about clays and clay minerals. There are two main features that evoke interest in clays: (1) their common availability, and (2) their extraordinary properties. Clays and clay minerals represent the youngest members of the family of minerals in the Earth's crust, being formed from different parent rocks under variable conditions [1] .
Clay allows us to obtain contemporary ceramics, which have more attractive properties compared to metals and polymers, making them useful for specific applications [2] , thanks to which it is modern material which can be successfully used from materials of ceramics up to social life, construction and other traditional products of ceramics up to the present time miniature computers, television, cars, planes and spacecraft and other modern technique developments. Current general civilization progress is not conceivable without ceramics [3] . And current material science cannot be imagined without the porous ceramic.
Methods of porous ceramics production are widely studied regarding attaining filtrating ceramics, since this material can be successfully used for the purification of different liquids and gasiform products. Within this subclass, those information and research results allow to apply the knowledge to production of heat-insulation materials because ceramic heatinsulation materials, characterized by high priority, can also be obtained in several ways: using contents of monofraction raw materials, foam formation method, using burn-out additive method and forming of pores in a chemical way.
Within this research, burn-out additive method is used. The basis of this method is mixing fire-resistant material -clay with hard and melting substanceschamotte and foamglass pellets, which have not been used as filler in traditional ceramic materials till now.
There are numerous patents on foamglass pellet production dating back to the 1930s. Foamglass was originally manufactured from a specially formulated glass composition, using virgin glass only. Currently, there are number of foamglass production plants that are using up to 98% post-consumer waste glass in their production. The basic principle of foam glass manufacture is to generate a gas in glass at a temperature between 700ºC to 900ºC. The gas expands thus producing a structure of cells to form a porous body.
Advantages of foamglass are lower transport costs, wide availability. Also foamglass pellets are non-toxic [4] .
This study allows us to use unusual filler for production of porous ceramics and compare the obtained results with the properties of the materials, where the traditional fillers were used.
For instance sawdust is traditionally burnable filler used for production of the porous ceramics. It is widely researched both in Latvia by obtaining samples with a strength of 10 MPa to 12 MPa in a density up to 1.5 g/cm 3 , by using 25 % woodchip and burning the clay in a 950 -960 °C temperature [5] . The leading Russian scientific centers have developed porous clay ceramic, with compression strength up to 17 MPa [6] . Moreover, mentioned centre's research was conducted to develop a new ceramic based high efficiency heat insulation material with low volume mass of 200-500 kg/m 3 at a processing temperature of 840-960 °C. However, this material exhibited insufficient strength to be used in load-bearing walls [7] . In order to solve the ceramic material strength increase issue, it is being suggested to use e.g. nanotechnologies, thus forming ceramic solid matter nano-crystals. [8] .
Besides, nanoscale ceramic powders offer the possibility of manufacturing dense ceramics at low sintering temperature [9] .
II MATERIALS AND METHODS
Carbonized clay with volume mass -1600 kg/m 3 and humidity level of 24%, as well as ground chamotte and water were used for sample preparation, where the various sized foamglass pellets are used as melting filler. The properties of foamglass pellets are given in Table 1 and the chemical structure of carbonized clay is shown in Table 2 . Proportion of dry clay, chamotte and water used in present research varied, changing the amount of chamotte, as well as changing the grain size and amount of foamglass pellets in order to obtain the porous ceramic samples with better mechanical properties.
When making porous ceramics using foamglass pellets as melting filler, components of dry mixture were dosed according to mass, where dried, milled clay was 38 -69%, water -25-37% but foamglass pellets 6-31%.
Mould at the size 5x5 cm for sides was used for preparation of the samples.
During the research great attention has been paid to the chemical and mineralogical composition of the carbonized clay, therefore quartz, which reduces the technological characteristics -complicates sintering process, reduces strength and, in certain cases, frost resistance of the samples, has been not used in production of porous ceramics. Quartz also worsens the plasticity of ceramic mass, but reduces the shrinkage of the samples after drying and burning.
Whereas CaO and MgO (see Table 2 ) existing in the clay composition promote sintering of ceramics mass and advancing formation of pores.
Experimental procedure
In the beginning, clay was dried in the drying oven and ground in RETSCH PM 400 mill for 30 minutes in dry condition. All of the required components were dosed in the required amount and mixed in dry condition, gradually adding water till the sufficiently homogenous mixture for sample making is obtained.
Samples were dried using BINDER FED dryingcase at 70ºC temperature for 48 hours and afterwards burnt gradually increasing temperature. Within the range of temperature 0C up to 150C, samples were kept for 3 hours for the vaporization of excessive water, thus eliminating cracks in the porous ceramic samples. Temperature in the range from 150-800C was increased with rate 5C/min or 130 min in total to ensure that melting process of foamglass pellets is not too fast, but in the range from 800-1090C -rate was 2C/min or 145 min in total. At the maximal temperature 1090C, samples were kept for 2 hours in order to completely burn all of them (see Fig.1 ). After burning samples were refrigerated for 48 hours by gradual decrease of temperature from 1090C to 20C. The goal of this research is to obtain a porous ceramic materials with definite volume density and compressive strength characteristics, so achieving a material that could be used for load-bearing constructions as constructive building material, as well as insulation material.
To achieve the goal of the research, it was necessary to select the composition of formation mixture, drying and burning regimes, as well as determine the mechanical and structural parameters of ceramic samples, selecting the best possible composition of the drying/burning regimes and composition.
Volumetric mass of samples where foamglass pellets with grain size of 4-8 mm were used as the melting filler, varied from 861.71 kg/m 3 , if the amount of filler is 18%, to 1178.34 kg/m 3 , if the amount of filler is 6% (Fig. 2) .
While the volumetric mass of samples where foamglass pellets with grain size of 0-4 mm were used, varied from 1094,03 kg/m 3 , if the amount of filler is 20%, to 1472,01 kg/m 3 , if the amount of filler is 35% (Fig. 2) . For the preparation of samples, using 0-4 mm foamglass pellets, the necessary water amount was higher (65-80% comparing to the amount of dried clay) in comparison to samples where the grain size of foamglass pellets was 4-8 mm, in order to ensure a better consistency of the mixture and increase the amount of melting filler.
Despite the fact, that samples, where the smaller filler (0-4 mm) was used, were with higher volume density, usage of smaller grain size made it possible to avoid the formation of cracks in the material after the drying and burning of samples.
Shrinkage of the samples was measured after their drying and after burning. For samples with foamglass grain size of 4-8 mm was from 2.22% up to 8.78%. Highest shrinkage was observed at the freater amount of filler.
Shrinkage of samples with foamglass grain size of 0-4 mm was from 3.27% up to 15.02%, increasing if the amount of filler is higher.
Shrinkage after the burning of samples, where the foamglass pellets with grain size of 4-8 mm were used, was from 3.33 to 11.56%, but for samples with foamglass grain size of 0-4% -15.27-28.12%; in both cases the least shrinkage was observed for the samples smaller content of the melting filler.
Compressive strength was determined for all the samples, the resulting values for the samples with foamglass grain size of 4-8 mm can be seen in Fig.3 , whereas resulting values for the samples with grain size of 0-4 mm are summarized in Fig.4 . Greatest compressive strength -39.55 MPa has been stated for the samples with 65% of water, where 35% of foamglass pellets with grain size of 0-4 mm were used as a melting filler. For the samples with the foamglass grain size of 0-4 mm and 80% water amount the greatest compressive strength, using 45% of filler, reached 34.63 MPa. Greatest compressive strength in both cases was observed for samples with highest content of foamglass pellets.
In samples where foamglass pellets with grain size 4-8 mm were used the compressive strength is in range from 1.15 MPa to 1.94 MPa by respective increase upon decreasing of the amount of melting filler.
Water absorption of the samples, where the grain size of melting filler is 0-4 mm or 4-8 mm was obtained during the research it is summarized in Table 3 . Obtained data demonstrates that the greatest water absorption -10.21% is for the samples with filler grain size of 4-8 mm and the amount of filler -6%.
Water absorption of samples, where the grain size of filler is 0-4 mm varies from 2.65% for samples with 65% of water and 35% of filler to 6.78% for samples with 65% of water and 20% of foamglass pellets.
For grain size of 0-4 mm and 4-8 mm the greater water absorption is recognized for the samples with smaller content of the melting filler.
Efficiency (as a proportion between the compressive strength and volume density) has been defined (Table 4) Maximal efficiency of the samples is 3.12, if the amount of filler is 35% and the amount of water is 65%. It can be seen that highest efficiency is observed at greater amount of filler and lower amount of water.
Macropores and micropores can be seen within the structure of porous ceramic sample, where melting filler grain size was 0-4 mm. Pores, acquired by melting of foamglass pellets, have regular form and pores measuring 0.2 -1.5mm as they are shown in Fig. 5 . It can be seen in micrography, that after the melting of foamglass pellets, 0.04 -0.11 mm thick glass layer ir formed around the pores, providing samples with higher compressive strength and lower water absorption.
Discussion
During the research the acquisition of porous ceramics was practically demonstrated by using foamglass pellets with different grain size as the melting filler upon changing the amount of it and obtaining the material with various physical and mechanical features.
Volumetric mass of porous ceramic samples can be easily regulated by changing the amount and type of foamglass pellets, if the amount of water is kept at the same level, as well as changing the necessary amount of water. With the lower amount of water, plasticity of the mixture decreases and it is more difficult to get homogeneous mixture as well as to work it in the moulds, though besides the decrease of plasticity we must also consider the increase of compressive strength and efficiency, therefore recognition and acquisition of optimal proportion between the mentioned parameters plays essential role, thus ensuring the acquisition of optimal material.
Obtained results of the research testify that porous ceramics, obtained within this research, have a great potential of application for load-bearing constructions.
Decreasing of water absorption with increasing amount of melting filler -foamglass pellets in ceramics may be explained by decreasing permeability of the materials for water due to covering inner surface of voids by glass (Fig. 5) . It means that the obtained material should improve the thermal insulation properties by saving breathing possibility.
In line with the conducted research, the addition of foamglass pellets as a melting filler improves the strength of the obtained samples, however, it reduces the temperature necessary for burning as well as the amount of clay required, thus enabling to save a natural resources through effective recycling of the glass waste.
With the use of mentioned porous ceramic production method, heat insulation elements of various forms (depends on moulds) and sizes may be obtained, controlling the size and amount of pores in the material.
The following investigation will be devoted to developing more effective material by controlling thermal conductivity properties.
IV CONCLUSION
Within the research samples of porous ceramics were developed upon application of melting fillers with various grain size, stating the shrinkage (after the artificial drying and burning), volumetric mass, water absorption, compressive strength and efficiency (as a ratio between compressive strength and volumetric mass) of the acquired samples.
Following By comparing the features of the obtained materials we can see that samples, where the grain size of melting filler is 0-4 mm have better compressive strength, efficiency and water absorption indicators, but samples, where the grain size of filler is 4-8 mmlower volumetric mass. It can be seen, that, despite the decrease of the mixture plasticity, the usage of smaller amount of water -65% instead of 80%, guarantees better properties of the material, as well as reduces the amount of melting filler, which we can use, therefore fot the acquisition of necessary features of the material, in the following researches it is essential to find the optimal amount of filler and water.
Production of porous ceramics materials where foamglass pellets are used as the melting filler, allows us to create more effective ceramics, using waste glass and creating high added value for the final product.
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